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The Trinary Star Problem

l. More than 30% of observed star systems have multiple stars, and 70% of
those have more than two stars. When stars are close together, they exchange
mass in a process known as accretion. Consider a trinary system where Sl 1s

larger than Sz’ and S , is larger than S 3 S3 will lose mass toSz, and S , will lose

mass toS 1While scientific readings are not available because of the time scale, let
100

1 +m(r+1) "

us suppose that S loses mass to the larger S at a rate of L(r) = d

2

G(1) = 95sin(t—

gains mass from the smaller S 3 at a rate of 205 ) where 0<7<100

years. L(t) and G(t) are measured in yottatons per year (Y/ yr). (A yottaton is
10%° tons, or 1077 solar masses.) .) Assume the initial mass of 82 is 1100

yottatons.

(a) How much mass does S ) lose to S1 on 0 <r<50years? State the units.

(b) Atr=35, is the mass S ) 1s gaining from S3 increasing at an increasing or
decreasing rate? Using the correct units, justify your answer.




(c)  Write an expression for A(1), the total mass of S at time .

(d)  If the mass of S5 is 1,100 yottatons at 7= 0 , find the absolute minimum

mass of S on the time interval 0 <7 <50 years. Justify your answer.




@d

2. Consider the graphs of r =3~ 2sin(20) and r, =4 above.

(a)  Find the 0-values of the points of intersection. Justify your answer
mathematically.




(b)  Find the area inside r and outside r

(c)  Find the values of yon r =3~ 2sin(20) where y =4. Justify your answers.

(d) A particle is moving along r= 3 —2sin(20) so that 6 is changing with
1 dr ST

respect to time at a rate of 5 radians/second. Find the value of Z at @ = ——.
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X
3. Let h(x)=2- f f(2) dr on x €[—4, 4]. Let the graph of be comprised of
0

two semicircles and a line segment as shown below.

(a) Find h(2), h'(2), and h''(2).

(b)  Find the average rate of change of h(x) on x €[4, 4].




(c) At what x-values is h(X) decreasing and concave down? Justify your
answer.

(d)  What is the absolute minimum value of 4(x)on the interval x € [—4, 4]?




The Shredding Problem

(-7, 20) T (7, 20)
-10 (-6, 0) E (6’ 0) 10
4, A wastebasket 1s fitted with a shedder to eliminate documents. The volume

of the wastebasket can be modeled the region bounded by the x-axis, the line
y =20, and the lines x = %y +6and x = — Ey — 6 having cross-sections which

are rectangles two-thirds as deep as they are wide. The sizes x and y are measured
in inches.

(a)  Find the volume of the waste basket when full.




1.
(b)  If the shedder increases the height of the shredded paper by 5 L / min, how

long will it take the can to fill the wastebasket?

(c) Lety represent the depth of the shredded paper in the wastebasket at any
time . Write an equation for the volume of shredded paper in the wastebasket at
any time ¢.

I .
(d)  If the volume of shredded paper is increasing by rl in? / min, how fast is the

depth of the shredded paper increasing when y = 10 inches?




5. Lety=f (x) be a differentiable function such that d_y =2ysin~ lyxand

dx
suppose the point (0, 1) is on the graph of y =f(x).
d?y
(a)  Use implicit differentiation to find F in terms of x and y.
X

(b)  Determine if the point (0, 1) is at a maximum, a minimum, or neither.
Justify your answer.




(c)  Find the particular solution to Z_y =2ysin~ lx at (0,1).
X




= (1=

P , where k1s a
n=1 3n7’l

6.  Consider a Taylor series given by f(x) =

constant.

(a) If k=2, find the interval of convergence. Justify your answer.

(b)  When k =0, the series is geometric. Find the value of f(3).




(c) Letk=1. Write the third-degree Taylor polynomial for the function f(x)
and use it to approximate the value of £(0).

(d)  Using the Alternating Series Bound, find the maximum amount that your
approximation in (c) would differ from £(0).
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